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Abstract 
The success of social insects can be largely attributed to division of labour. In contrast to most social insects, many species 
with simple societies contain workers which are capable of sexual reproduction. Headed by one or a few reproductive 
individuals, subordinate workers form a dominance hierarchy, queuing to attain the reproductive role. In these species 
task allocation may be influenced by individual choice based on future reproductive prospects. Individuals with a better 
chance of inheriting the colony may be less likely to take risks and high-ranking workers that spend a greater amount 
of time in proximity to the brood may be able to increase the ability to police egg-laying by cheating subordinates. We 
investigated division of labour and risk taking in relation to dominance rank in the queenless ponerine ant, Dinoponera 
quadriceps, a species with relatively simple societies. Using behavioural observations, we show that high-ranking wor-
kers spend more time performing egg care, less time foraging and are less likely to defend the nest against attack. High-
rankers also spent a greater amount of time guarding and inspecting eggs, behaviours which are likely to improve detec-
tion of egg laying by cheating subordinates. We also show that high-ranking workers spend a greater amount of time idle, 
which may help increase lifespan by reducing energy expenditure. Our results suggest that both risk-taking and egg- 
care behaviours are related to future reproductive prospects in D. quadriceps. This highlights a mechanism by which 
effective division of labour could have been achieved during the early stages of eusocial evolution. 
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Introduction 
Social insects represent one of the pinnacles of social evo-
lution, and the evolution of eusociality is considered to be 
one of the major transitions in evolution (MAYNARD SMITH 
& SZATHMARY 1995). Understanding how such highly co-
operative societies evolved has been a key area of interest 
for evolutionary biologists since Darwin, who highlighted 
the apparent paradox of worker behaviour (DARWIN 1859). 
One of the primary characteristics of eusocial societies is 
division of labour (ROBINSON 1992, BESHERS & FEWELL 
2001), a stable variation within a colony in the tasks that 
individuals perform (BESHERS & FEWELL 2001). Division 
of labour is believed to have been a key factor in the suc-
cess of social insects, increasing efficiency and maximis-
ing resource use (WILSON 1974, WILSON 1985, PAGE & 
MITCHELL 1998). All social insect colonies show reproduc-
tive division of labour, where a relatively small number of 
individuals (queens) are responsible for reproduction, while 
the other colony members (workers) rear the young, for-
age and maintain the nest (ROBINSON 1992). In some spe-
cies, the worker caste is further divided into individuals who 
specialise in certain tasks for at least part of their adult life 
(WILSON 1974, ROBINSON 1992, WILSON 2000). The majo-
rity of social insect species lack morphologically differen-
tiated castes (WILSON 1974) and in these societies labour 
is often divided according to age, via temporal polyethism 
(WILSON 1974, TOFTS 1991, BESHERS & FEWELL 2001). 
Most commonly, temporal polyethism involves younger 
workers performing tasks within the nest, and older workers 
leaving the nest to forage (BESHERS & FEWELL 2001). This 
results in individuals with a shorter life expectancy per-
forming the more dangerous outdoor tasks (KAY & RIS-
SING 2005, MORON & al. 2008). 
In contrast to species with large, complex societies, 
species with small, relatively simple societies can some-
times contain workers who are physically capable of sex-
ual reproduction, a state which is most likely ancestral in 
wasps and bees but which is secondarily derived in a num-
ber of ant species (PEETERS 1991, FIELD & al. 2000). Re-
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production is still dominated by one or a few individuals, 
however, and younger subordinate workers queue to take 
over the reproductive role (PEETERS 1991, SHREEVES & 
FIELD 2002, FIELD & CANT 2009). 
Queuing for reproduction results in differences in the 
future reproductive prospects of different individuals in 
the colony (CANT & FIELD 2001, FIELD & CANT 2009). In 
these societies individual workers may select tasks based 
on the costs and benefits associated with them (CANT & 
FIELD 2001). Since high-ranking workers have a greater 
chance of future reproduction (PARDI 1948, MONNIN & 
PEETERS 1998, 1999) we might expect them to be less like-
ly to engage in foraging and nest defence (CANT & FIELD 
2001, FIELD & CANT 2009), tasks that are likely to have 
a high mortality rate (VISSCHER & DUKAS 1997, FIELD & 
CANT 2009). High-ranking individuals may also increase 
their chances of future reproduction by spending a greater 
amount of time idle, or by increasing body condition, for 
example by increasing time spent grooming (FIELD & CANT 
2009). However, to our knowledge these hypotheses have 
not yet been thoroughly tested in a species in which wor-
ker reproduction is secondarily derived. 
Although subordinate workers in species with simple 
societies may be physically capable of reproduction, there 
is in fact little opportunity for them to gain direct repro-
ductive fitness because in some species (e.g., ants), males 
show no interest in mating with subordinates (PEETERS 
1991). However, unmated workers are capable of laying 
male eggs, enabling them to gain direct reproductive fit-
ness (RATNIEKS & VISSCHER 1989, MONNIN & RATNIEKS 
2001). Widespread subordinate reproduction is likely to 
reduce colony productivity and in many species worker re-
production is deterred by policing (RATNIEKS 1988, RAT-
NIEKS & VISSCHER 1989, LIEBIG & al. 1999, D'ETTORRE & 
al. 2004). However, some individuals still attempt to cheat 
and lay male eggs, leading to conflict within the colony. 
By spending more time performing egg care, high-rankers 
could remain in close proximity to the egg pile, where 
most conflict is likely to occur. 
Within the eusocial Hymenoptera, reproductive totipo-
tency and the absence of a morphologically distinct queen 
caste occurs in four main groups; within ants in the sub-
family Ponerinae (PEETERS 1991), within bees in the sub-
family Halictinae (sweat bees; DANFORTH 2002), and with-
in wasps in the subfamilies Stenogastrinae (hover wasps) 
and Polistinae (paper wasps; HINES & al. 2007). Despite 
marked similarities in their social structure, primitively 
eusocial wasps, bees and ants differ in their evolutionary 
histories. The stenogastrine and polistine wasps, and halic-
tine bees evolved independently from solitary ancestors 
(DANFORTH 2002, HINES & al. 2007). By contrast, queen-
less ponerine ants evolved from a highly eusocial ancestor 
with a morphologically distinct queen caste (PEETERS & 
CREWE 1984). If workers in queenless ponerine ants are 
capable of modifying their behaviour according to their fu-
ture reproductive prospects, the mechanisms underlying this 
must have evolved along with or shortly after the loss of 
the sterile worker caste. Although rank has previously been 
found to affect risk-taking behaviour in two species of 
primitively eusocial wasp (O'DONNELL 1998, CANT & 
FIELD 2001, CRONIN & FIELD 2007), very little work has 
been done to investigate this phenomenon in species with 
secondarily derived worker reproductive totipotency. 
The dinosaur ant, Dinoponera quadriceps, has small, 
simple, queenless societies, in which workers form a short, 
linear hierarchy behind the alpha (PEETERS & CREWE 1984, 
MONNIN & PEETERS 1999). When the alpha dies she is re-
placed by a high-ranked subordinate, most commonly the 
beta, and high-ranking workers themselves are frequently 
replaced by newly emerged workers, resulting in age-based 
hierarchy in which low-ranking workers are the oldest col-
ony members (MONNIN & PEETERS 1999). Observations 
suggest that foraging and nest maintenance may tend to 
be carried out by lower ranked individuals and brood care 
by higher ranked individuals (MONNIN & PEETERS 1999), 
in keeping with hierarchical position affecting division of 
labour, but the data in support of this is still quite limited. 
Here we carry out a detailed examination of the relationship 
between dominance rank and behaviour in D. quadriceps. 
Using observations of 24 behaviours and experimental sti-
mulation of nest defence we test the hypothesis that indi-
viduals exhibit different behaviours in relation to their cur-
rent and future reproductive prospects. The effects of age 
and rank are confounded in this species, therefore we do 
not attempt to identify the mechanism but merely whether 
behaviour is related to reproductive potential. Specifically, 
we predict that (1) high-ranking workers show lower en-
ergy expenditure and avoid dangerous tasks such as for-
aging and nest defence, thereby increasing their chances of 
future reproduction, and (2) high-rankers spend a greater 
amount of time performing egg care, maximizing their abi-
lity to prevent and detect cheating. We predict that the re-
productive female (alpha) and the highest ranking subordi-
nate (beta) should engage more in egg guarding and egg 
antennation, as a means of preventing and detecting cheat-
ing amongst other high-rankers. 
Materials and methods 
Study species: Dinoponera quadriceps is found in North-
east Brazil, where it lives in colonies of between 40 and 
100 workers (MONNIN & PEETERS 1998). The species con-
structs chambered nests, usually found at the base of trees, 
which extend up to one meter below ground (PAIVA & 
BRANDAO 1995). It is both predator and scavenger, feed-
ing on a mixture of other insects and fruit (C.L. Asher, 
unpubl.). Fecundity in reproductives is relatively low and 
winged reproductives are only produced for the male sex, 
therefore new colonies are formed by fission of a small 
group (PEETERS 1991, BOURKE 1999, MONNIN & PEETERS 
2008). 
Collection and housing: Colonies of Dinoponera qua-
driceps were collected from Altantic forest in Sergipe (11° 
01' 23" S, 37° 12' 9" W), Brazil in 2009 and 2010, and 
housed at 26 - 29°C, 70 - 90% relative humidity and a 
12:12 light:dark cycle. Colonies were housed in plastic con-
tainers (38 cm × 58 cm × 18 cm) containing a plastic nest 
chamber (33 cm × 19 cm × 11 cm), divided into six com-
partments by a cardboard divider. Colonies were fed Tene-
brio mealworms and banana three times a week, corned 
beef once a month, and provided with water ad libitum. To 
allow individual identification, all ants were tagged with a 
small unique number tag (E.H. Thorne Ltd). For each col-
ony, a weekly census was performed to record the approxi-
mate number of eggs, larvae and pupae. Births and deaths 
were also monitored in order to maintain a record of the 
size of the colony.      
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Tab. 1: Description of all behaviours recorded during dominance observations, division of labour observations and nest 
defence experiment. 
Behaviour Description 
Aggressive (dominance) Interactions 
Block Actor stretches antennae on either side of the head of the recipient, which stands crouched. (Highest 
ranked dominance behaviour, characteristic of alpha – beta interactions). 
Gaster Rub Actor bites one antenna of the recipient and rubs it against her gaster (abdomen), which is curled forward. 
Gaster Curl Actor bites one antenna of the recipient, often pulling at it. The target often crouches, with her antennae 
folded against her head or stretched backward. 
Antennal Box Actor rapidly and repeatedly hits the head of the recipient with her antennae. 
Immobilisation One to six actors bite the recipients legs, antennae or mandibles and prevent her from moving, some-
times for up to several hours. 
Leg Bite A single actor bites the leg of a recipient worker, for one or two seconds. (Lowest ranked dominance 
behaviour). 
Risky Tasks 
Forage Actor moves around foraging area. 
Nest Defence Actor attacks foreign object, or leaves nest box in response to foreign object. 
Brood Care 
Egg Antennate Actor touches eggs with tips of antennae, sometimes moving egg with them. 
Egg Carry Actor carries a single or a pile of eggs. 
Egg Guard Actor stands in close proximity to the egg pile, with antennae squarely around eggs. 
Larva Antennate Actor touches larva with tips of antennae. 
Larva Carry Actor carries larva. 
Larva Clean Actor wraps mandibles around larva and licks surface of the larva. 
Larva Feed Actor places or arranges small food items on belly of larva to allow it to feed. 
Larva Guard Actor stands in close proximity to the larva, with antennae squarely around it. 
Pupation Help Actor assists larva to pupate by biting or wrapping silk around the larva as it is produced. 
Pupa Antennate Actor touches pupa with tips of antennae. 
Pupa Carry Actor carries pupa. 
Pupa Guard Actor stands in close proximity to the pupa, with antennae squarely around it. 
Other Colony Tasks 
Waste Removal Actor carries remains of prey items, dead nest mates or other pieces of waste out of the nest and places 
them on the waste pile in the foraging area. 
Self Groom (inside / 
outside nest) 
Actor cleans self using legs or mandibles. Location recorded. 
Allogroom Actor cleans recipient's body using mandibles. 
Nest Maintenance Actor bites or moves parts of the nest (tissue paper or cardboard divider). 
Carry Food Actor carries a prey item into or around nest. 
Process Food Actor bites prey item into smaller pieces, without consuming them. 
Idle (inside / outside nest) Actor is completely still. Location recorded. 
 
Determining dominance rank: The dominance hier-
archy in Dinoponera quadriceps is maintained by frequent 
ritualised aggressive interactions between high ranking wor-
kers (MONNIN & PEETERS 1999). These "dominance inter-
actions" have been categorised into six types: blocking, gas-
ter rubbing, gaster curling, antennal boxing, immobilisa-
tion and leg biting (MONNIN & PEETERS 1999) (Tab. 1). 
Blocking, where the actor stretches her antennae around the 
head of the recipient, is characteristic of interactions be-
tween the alpha and the beta (MONNIN & PEETERS 1999). 
These six interactions can be reliably used to determine 
dominance rank, which is correlated with ovarian activity 
(PEETERS & al. 1999). The aggressive interactions have 
been ranked, according to severity, by MONNIN & PEETERS 
(1999). Individuals who perform the greatest number of 
higher ranked interactions have a higher dominance rank. 
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Fig. 1: Mean ± 1 standard error percentage of time spent performing a) foraging, b) waste removal, c) nest maintenance 
and d) idle for 142 Dinoponera quadriceps ants of high-, medium- or low-rank. 
 
The identity of the alpha and high-ranking subordinates 
in six colonies (N = 142) was assessed using behavioural 
observations. Colonies were observed for 30-minute peri-
ods, during which the nature of any aggressive interactions 
was recorded. For each aggressive interaction observed, 
the type of interaction and the identity of the actor and re-
cipient were recorded. Repeat occurrences of the same in-
teraction between the same pair of individuals during one 
observation session were not recorded. Colonies were ob-
served for a total of 18 hours 45 minutes (mean per col-
ony 3:07 ± 0:54). Dominance hierarchies were then con-
structed for each colony. It was only possible using this 
method to assign precise linear ranks to high-ranking indi-
viduals, because of the rarity of aggressive interactions in 
medium- and low-rank classes. The remaining colony mem-
bers were assigned to coarse-scale hierarchical categories; 
medium- and low-rank. Individuals were assigned to these 
categories based upon both the frequency and intensity of 
aggressive interactions observed (MONNIN & PEETERS 
1999). High-ranking individuals are frequently involved 
in high intensity interactions (e.g., "blocking" and "gaster 
rubbing"), whilst medium-ranked workers are only rarely 
involved in aggression and usually of a low intensity (e.g., 
"immobilisation" and "antennal boxing"). Low-ranked wor-
kers are involved in aggressive interactions only extremely 
infrequently; when aggression does occur low-ranked wor-
kers are the recipients rather than the actors, and interac-
tions are of low intensity. 
Division of labour: The non-aggressive behaviours of 
all colony members (N = 142, mean colony size = 23.7 ± 
4.6) were recorded during 100 spot-samples between 6th 
July and 7th September 2010. In total, 24 different beha-
viours were recorded (Tab. 1). Additionally, in order to 
control for the overrepresentation of low- and medium-
ranking workers in Dinoponera quadriceps colonies, focal 
observations were performed with nine individuals (three 
of each rank) from three colonies, for six ten-minute peri-
ods each. In these observations, it was possible to differen-
tiate idle individuals from individuals moving around the 
nest but with no clear task (henceforth termed as "walk-
ing"). 
Nest defence: To investigate nest defence behaviour, a 
two-phase nest defence experiment was performed. During 
the first phase, colonies were disturbed by repeatedly per-
forming sharp taps in the foraging area with a pair of for-
ceps. Individuals attacking the forceps during this phase 
were removed in sequence until there was no further res-
ponse to tapping for 60 seconds. The second phase then 
began, during which the forceps were inserted into the nest 
entrance and removed again, repeatedly. Individuals at-
tacking the tweezers or exiting the nest to defend were col-
lected in sequence until no further response was generated 
for 60 seconds, at which point the trial ended. This was re-
peated for ten trials with each of six colonies. 
Statistical analysis: Statistical analysis of the division 
of labour data was performed using a generalised linear 
mixed effects model approach in SPSS version 18. For each 
individual, the percentage of time spent engaging in each 
different activity was calculated. Each behaviour was tested 
against rank, with colony included as a random effect, us-
ing a poisson error distribution. The division of labour fo-
cal observation data was analysed using a repeated meas-
ures generalised linear mixed effects model with colony 
included as a random effect. For each ten-minute obser-
vation, percentage of time spent performing each behaviour 
was calculated and each behaviour was analysed against 
rank. The nest defence experiment was analysed using a 
proportional hazards regression survival analysis and a pair-
wise Kaplan-Meier survival analysis using the Breslow sta-
tistic, both performed in SPSS with defence as the event 
of interest. 
Results 
Dominance ranks: The dominance rank of a total of 142 
individuals across six colonies was determined (mean col-
ony size = 23.6 ± 4.6). Each colony contained a single al-
pha, with subordinate workers being composed, on average, 
of 7% ± 0.7 high-rankers, 37% ± 4 medium-rankers and 
51% ± 4 low-rankers. 
Risk taking: We predicted that high-ranking workers 
should spend less time foraging, removing waste and main-
taining the nest, and be less likely to defend against attack. 
We found a significant effect of rank on proportion of time 
spent foraging (F2,566 = 60.5, p < 0.001). Low-rankers spent 
the most time foraging (15.5% ± 2.3), followed by medium-
rankers (7.7% ± 1.8), with high-rankers foraging less than 
1% (0.4% ± 0.2) of the time (Fig. 1a). There was no sig-
nificant effect of rank on time spent removing waste from 
the nest (F2,566 = 1.94, p = 0.148, Fig. 1b). Nest maintenance 
was also significantly affected by rank (F2,566 = 8.96, p < 
0.001), with medium-rankers engaging in this behaviour 
most often (Fig. 1c). There was a significant effect of rank  
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Tab. 2: Mean percentage of time spent performing different tasks for individuals of different rank. n = 142 individuals 
(six colonies). 
Behaviour Mean 
All High-Rank Medium-Rank Low-Rank 
Aggression < 1% 2.9% ± 0.9 0.4% ± 0.1 0.08% ± 0.04 
Allogrooming < 1% 0.6% ± 0.2 0.5% ± 0.1 00.2% ± 0.06 
Carrying Food 1.3% 0.7% ± 0.5 1.2% ± 0.2 1.5% ± 0.2 
Drinking < 1% 0.2% ± 0.1 0.7% ± 0.1 1.2% ± 0.2 
Eating 1.8% 2.3% ± 0.6 2.1% ± 0.2 1.5% ± 0.2 
Egg Care 4.6% 14.1% ± 2.40 5.0% ± 0.9 2.4% ± 0.6 
Foraging 11.2% 0.4% ± 0.2 7.7% ± 1.8 15.5% ± 2.30 
Idle 60.8% 59.3% ± 3.60 59.8% ± 2.20 61.7% ± 2.60 
Larva Care 2.6% 3.5% ± 0.9 4.0% ± 0.7 1.5% ± 0.3 
Nest Maintenance    1% 0.06% ± 0.06 1.7% ± 0.4 0.7% ± 0.2 
Pupa Care 1.9% 1.1% ± 0.4 2.8% ± 0.5 1.5% ± 0.3 
Processing Food 1.4% 0.9% ± 0.3 1.6% ± 0.2 1.3% ± 0.2 
Self Grooming 8.5% 6.9% ± 0.7 9.0% ± 0.6 8.5% ± 0.5 
Waste Removal < 1% 0%000 0.7% ± 0.2 1.3% ± 0.3 
   
 
Fig. 2: Cox regression curve for order of nest defence be-
haviour, for individuals of different rank. Solid black line 
= high rank, solid grey line = medium rank, dotted line = 
low rank. Order ranges from zero for individuals who de-
fended the nest first, to one for individuals who never de-
fended. Letters indicate groups which were significantly dif-
ferent in Kaplan-Meier analysis. 
 
on nest defence behaviour (Cox regression, p < 0.001). Low-
rankers were the most likely to defend the nest, followed by 
medium-rankers, with high-rankers the least likely to de-
fend (Fig. 2). Defence behaviour was also significantly af-
fected by an individuals' location at the beginning of the 
defence trial (Cox regression, p < 0.001), however, the 
effect of rank was still highly significant when starting 
location was controlled for (LMER, F2,566 = 34.686, p < 
0.001). The effect of rank was significant for all pairwise 
combinations (Kaplan-Meier, p < 0.001). 
Activity levels: We hypothesised that high-ranking in-
dividuals would spend more time idle and self-grooming in 
order to maximise lifespan. All individuals spent the majo-
rity of their time idle (60.8% ± 1.8). The most common ac-
tive behaviours were self-grooming, foraging and brood care 
(Tab. 2). There was a significant effect of rank on the pro-
portion of time spent idle outside the nest (F2,566 = 16.8, p < 
0.001) but the effect was not significant for time spent idle 
inside the nest (F2,566 = 0.47, p = 0.629). However, data 
from the focal observations showed a significant effect of 
rank on time spent idle inside the nest, (F2,68 = 67.8, p < 
0.001). These conflicting results were due to the fact that 
during focal observations walking was differentiated from 
being completely idle, which was not possible during spot 
observations. 
For grooming behaviour, there was a significant effect 
of rank on the proportion of time spent self-grooming in-
side (F2,566 = 3.38, p = 0.038), with medium-rankers spend-
ing the greatest time performing this behaviour. Time spent 
self-grooming outside the nest was also significantly cor-
related with rank (F2,566 = 8.56, p < 0.001), being prima-
rily performed by low-ranking workers. This is consistent 
with a role of self-grooming in reducing pathogen load, 
since low-ranking foragers are likely to be exposed to the 
greatest number of pathogens. The effect of rank was also 
significant for time spent allogrooming others (F2,566 = 
4.75, p = 0.001). High- and medium-rankers spent more 
time allogrooming other individuals than low-rankers did 
(0.6% ± 0.2 compared to 0.5% ± 0.1 and 0.2% ± 0.06). 
This is contrary to our expectation that low-rankers should 
perform the most allogrooming to improve the health of 
high-ranking colony members. Low-rankers may refrain  
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Fig. 3: Mean ± 1 standard error percentage of time spent performing brood care activities for individuals of different 
rank. a) Egg care (dark grey), larva care (medium grey) and pupa care (light grey) for high-, medium- and low-rank 
individuals. b) Egg antennation (dark grey), egg guarding (medium grey) and egg carrying (light grey) for each of the 
four top-ranking individuals, and medium- and low-rankers. 
 
from grooming and in general minimise contact with other 
workers in order to minimise the opportunity for the trans-
fer of potentially harmful pathogens which they may have 
obtained whilst foraging. High-rankers spent only a very 
small proportion of their time being aggressive towards 
other workers (2.9% ± 0.9) and aggressive behaviour was 
almost completely absent in medium- (0.4% ± 0.01) and 
low-rankers (0.08% ± 0.4). High-rankers spent significant-
ly more time eating (F2,566 = 3.47, p = 0.034) and less time 
drinking (F2,566 = 3.76, p = 0.026). The effect of rank on 
all other behaviours investigated was non-significant. 
Results from focal observations were consistent with 
those from spot observations presented so far; the only 
exception being that time spent idle inside the nest was 
significantly affected by rank in the focal observations 
but not in the spot observations. 
Brood care: Hypothesis two predicted that high-rank-
ing individuals would perform more brood care, specifically 
egg care, enabling them to remain in close proximity to 
the site of potential cheating. Rank had a significant effect 
on all types of egg care behaviour, with high-rankers per-
forming more egg care than other ranks (Fig. 3a). There 
was a significant effect of rank on proportion of time spent 
egg antennating (F2,566 = 30.87, p < 0.001), egg carrying 
(F2,566 = 110.46, p < 0.001) and egg guarding (F2,566 = 
112.69, p < 0.001). Within high-rankers, there was a sig-
nificant effect of rank on proportion of time spent guard-
ing eggs (F4,91 = 11.24, p = 0.001) and egg carrying (F4,91 
= 5.17, p = 0.008), with the alpha and beta performing more 
of each behaviour than other high-rankers. There was also 
a significant difference between high-rankers in the time 
spent egg antennating (F4,91 = 4.44, p = 0.0014). The beta 
performed significantly more antennation than the alpha 
(t = -2.326, df = 15, LSD p = 0.034, Figure 3b), whilst all 
other pairwise comparisons were non-significant. There was 
a significant effect of rank on proportion of time spent larva 
antennating (F2,566 = 9.27, p < 0.001), larva cleaning (F2,566 
= 5.10, p = 0.007), larva guarding (F2,566 = 11.50, p < 
0.001) and larva carrying (F2,566 = 3.60, p = 0.03). Medium-
rankers performed the most antennating and cleaning, whilst 
high-rankers were responsible for the most larvae guard-
ing behaviour. The effect of rank was not significant for 
larva feeding (F2,566 = 1.50, p = 0.227). There was no signi-
ficant difference between larva care behaviour within high-
rankers for any of the behaviours recorded. The effect of 
rank was not significant for pupa antennating (F2,566 = 1.05, 
p = 0.353), pupa guarding (F2,566 = 1.22, p = 0.299) or help-
ing a larva to pupate (F2,566 = 2.136, p = 0.122). However, 
there was a marginally non-significant effect of rank for 
pupa carrying (F2,566 = 2.94, p = 0.056), with medium-ran-
kers performing this task most often. 
Discussion 
Our results show a strong relationship between rank and 
behaviour in Dinoponera quadriceps. This is consistent 
with individual behaviour relating to future reproductive 
prospects, and suggests that the autonomy of queenless 
ponerine ant workers has increased since the divergence 
from their recent highly eusocial ancestor. Our results are 
consistent with previous studies of division of labour and 
risk taking in other species (FRANKS & SCOVELL 1983, 
MONNIN & PEETERS 1999), which have shown a tendency 
for subordinate colony members to take more risks. 
While our data show that behaviour is related to repro-
ductive potential in dinosaur ants, the results do not allow 
us to distinguish whether the relationship is driven by age 
or by age-independent effects of rank. Effects of age on 
behaviour are well known from across the social insects 
(WINSTON 1987, NAUG & GADAGKAR 1998, SEID & TRA-
NIELLO 2006, HURD & al. 2007, JOHNSON 2008) and do-
minance rank is likely to be correlated with age in this spe-
cies because newly emerged workers tend to enter near 
the top of the hierarchy (MONNIN & PEETERS 1999). Thus 
both age and rank are expected to be correlated with re-
productive potential and direct fitness, and age may then 
be a useful criterion for an individual to estimate reproduc-
tive potential if the correlation is reasonably strong. How-
ever, the correlation between age and reproductive poten-
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tial is unlikely to be perfect in species such as Dinoponera 
quadriceps, especially if many new workers emerge simul-
taneously, and age-independent mechanisms of assessing 
reproductive potential are therefore likely to be advantage-
ous. Individual variation in fertility and the effects of this 
on behaviour are well known from honey bees (AMDAM 
& al. 2004, AMDAM & al. 2006) and has also been shown 
to affect how quickly Platythyrea punctata ponerine ants 
switch from in-nest work to foraging (WALTER 2012), so 
such age-independent effects are possible. Most probably 
a combination of mechanisms is used, with the simple cri-
terion provided by age being complemented by more pre-
cise information provided by physiological factors such as 
fertility. 
High-ranking individuals spent significantly less time 
foraging and were less likely to engage in nest defence, in 
keeping with the hypothesis that high-ranking individuals 
avoid performing tasks that are associated with high mor-
tality risk. Foraging has previously been shown to be one 
of the most dangerous colony tasks (SCHMID-HEMPEL & 
SCHMID-HEMPEL 1984, VISSCHER & DUKAS 1997) and nest 
defence will also carry significant risks. Previous investiga-
tions into nest defence behaviour in cooperative vertebrates 
and primitively eusocial insects have produced extremely 
mixed results. In Damaraland mole rats it is the dominant 
individual who defends the nest against conspecific intruders 
(COONEY 2002), a pattern similar to hover wasps (CRONIN 
& FIELD 2006), paper wasps (FISHWILD & GAMBOA 1992) 
and halictine bees (BELL & al. 1974). In contrast to this, 
in naked mole rats, subordinates defend the nest (LACEY & 
SHERMAN 1991, O'RIAIN & JARVIS 1997), as we have also 
shown to be the case in Dinoponera quadriceps. These 
differences in colony defence strategy may be due to dif-
fering evolutionary histories. Nest defence by subordinates 
in queenless ponerine ants could be a characteristic left over 
from their highly eusocial ancestor, whereas colony defence 
by dominant individuals in species descended from a soli-
tary ancestor may be a remnant of natural maternal defence 
of offspring. An alternative explanation may relate to dif-
fering colony sizes, as both naked mole rats and queenless 
ants have comparatively larger colony sizes. The opportu-
nity for future reproduction in subordinates varies in rela-
tion to colony size (BOURKE 1999, MONNIN & al. 2003), 
and thus in species with very small colonies, subordinates 
may be unwilling to defend the nest. 
Focal observations of individual behaviour revealed a 
strong relationship between rank and time spent idle. Sev-
eral studies have found that workload negatively influences 
longevity (SCHMID-HEMPEL & WOLF 1988, TSUJI & al. 
1996) and thus high-rankers should be expected to mini-
mise energy expenditure (CANT & FIELD 2001), increasing 
their likelihood of surviving to obtain the reproductive role. 
We also predicted that high-rankers might spend more time 
performing self-grooming, a self-directed behaviour which 
is likely to improve longevity by reducing pathogen load 
(HUGHES & al. 2002, FERNÁNDEZ-MARÍN & al. 2006). In 
contrast to this, we found that medium-rankers performed 
the greatest amount of self-grooming inside the nest, and 
low-rankers performed the most outside the nest. However, 
this is consistent with self-grooming as a mechanism to re-
duce pathogen load, as medium- and low-ranking foragers 
are likely to be exposed to pathogens more frequently than 
non-foragers. Individuals are often observed self-groom-
ing immediately after returning to the nest from a foraging 
trip, which further supports a key role for self-grooming in 
disease resistance. We found that high-ranking workers 
perform the most allogrooming, an unexpected result since 
allogrooming is expected to improve the health of the reci-
pient. This may possibly indicate that allogrooming plays 
a social role in Dinoponera quadriceps (e.g., in maintaining 
hierarchies), similar to in many primates and other animals 
(REN & al. 1991, VERVAECKE & al. 2000, LAZARO-PEREA 
& al. 2004). 
Brood care was primarily performed by high-ranking in-
dividuals, consistent with our hypothesis that this enables 
them to remain in close proximity to eggs, improving their 
ability to detect and prevent illicit laying by subordinate 
workers. Furthermore, egg care behaviours are mostly per-
formed by high-rankers, a relationship that is not true for 
all larva and pupa care behaviours. Whilst all brood care 
behaviours are performed in the brood chamber, only the 
egg stage offers a significant opportunity for cheating. That 
high-rankers dominate this behaviour but not other brood 
care activities supports a role for egg care in preventing il-
licit egg laying. Previous investigations of egg-policing be-
haviour in this species have indicated that destruction of 
worker-laid eggs is performed primarily by the alpha, how-
ever, other high-rankers are also occasionally involved 
(MONNIN & PEETERS 1997). One surprising result is that 
the beta performs the greatest amount of egg antennation, 
as we might expect the alpha to have greatest incentive to 
inspect eggs in order to confirm that they were laid by her. 
However, it is possible that antennation also enables the 
beta to assess the fertility of the alpha, and thus judge 
whether it would be beneficial to attempt to overthrow her. 
It has previously been shown that ponerine ants are able to 
distinguish between alpha- and worker-laid eggs, which 
differ in their cuticular hydrocarbon profile (MONNIN & 
PEETERS 1997, TANNURE-NASCIMENTO & al. 2009) and 
that alpha fertility is also signalled through cuticular hydro-
carbons (MONNIN & al. 1998, CUVILLIER-HOT & al. 2004). 
It is therefore plausible that by regularly antennating alpha-
laid eggs, the beta may be able to assess her fertility. At-
tempts to overthrow the alpha will generally be met by 
high levels of aggression from low-ranking subordinates 
(MONNIN & al. 2002) except when alpha fertility is below 
75% (MONNIN & RATNIEKS 2001). Since the beta rank 
changes regularly, the ability to detect an opportunity to 
overthrow the alpha represents a major fitness advantage 
for the beta (CUVILLIER-HOT 2004). 
To our knowledge, this study is the first to demonstrate 
a relationship between future reproductive prospects and 
nest defence and other risk-taking behaviours in a species 
in which simple society is secondarily derived. The apparent 
flexibility in task choice exhibited by Dinoponera qua-
driceps is likely to have evolved relatively recently, since 
their divergence from their highly eusocial ancestor. Under-
standing the organisation of division of labour in simple 
eusocial societies can greatly inform explanations of the 
evolution of sociality itself. 
Acknowledgements 
We thank Dr. José Dantas, Universidade Federal de Ser-
gipe and the Brazilian Government for their help in faci-
litating the collection and transport of colonies to the UK 
(transported under permit 10BR004553 / DF from the In-
 128 
stituto Brasileiro do Meio Ambiente e dos Recursos Na-
turais). We also thank the Natural Environment Research 
Council (NERC) (NE / G012121 / 1) and the Zoological 
Society of London for funding the project, and John Alt-
ringham and Lesley Morrell for their comments on the 
work. 
References 
AMDAM, G.V., CSONDES, A., FONDRK, M.K. & PAGE, R.E. 2006: 
Complex social behaviour derived from maternal reproductive 
traits. – Nature 439: 76-78. 
AMDAM, G.V., NORBERG, K., FONDRK, M.K. & PAGE, R.E. 
2004: Reproductive ground plan may mediate colony-level se-
lection effects on individual foraging behavior in honey bees. 
– Proceedings of the National Academy of Sciences of the 
United States of America 101: 11350-11355. 
BELL, W.J., BREED, M.D., RICHARDS, K.W. & MICHENER, C.D. 
1974: Social, stimulatory and motivational factors involved in 
intraspecific nest defense of a primitively eusocial halictine 
bee. – Journal of Comparative Physiology A: Neuroethology, 
Sensory, Neural, and Behavioral Physiology 93: 173-181. 
BESHERS, S.N. & FEWELL, J.H. 2001: Models of division of labor 
in social insects. – Annual Review of Entomology 46: 413-440. 
BOURKE, A.F.G. 1999: Colony size, social complexity and repro-
ductive conflict in social insects. – Journal of Evolutionary Biol-
ogy 12: 245-257. 
CANT, A.M. & FIELD, J. 2001: Helping effort and future fitness 
in cooperative animal societies. – Proceedings of the Royal So-
ciety B-Biological Sciences 268: 1959-1964. 
COONEY, R. 2002: Colony defense in Damaraland mole-rats, Cryp-
tomys damarensis. – Behavioral Ecology 13: 160-162. 
CRONIN, A.L. & FIELD, J. 2006: Rank and colony defense against 
conspecifics in a facultatively eusocial hover wasp. – Behavi-
oral Ecology: 331-336. 
CRONIN, A.L. & FIELD, J. 2007: Social aggression in an age-
dependent dominance hierarchy. – Behaviour 144: 753-765. 
CUVILLIER-HOT, V. 2004: Reproductive monopoly enforced by 
sterile police workers in a queenless ant. – Behavioral Ecology 
15: 970-975. 
CUVILLIER-HOT, V., LENOIR, A., CREWE, R., MALOSSE, C. & PEE-
TERS, C. 2004: Fertility signalling and reproductive skew in 
queenless ants. – Animal Behaviour 68: 1209-1219. 
DANFORTH, B.N. 2002: Evolution of sociality in a primitively 
eusocial lineage of bees. – Proceedings of the National Aca-
demy of Sciences of the United States of America 99: 286-290. 
DARWIN, C. 1859: On the origin of species. – John Murray, Lon-
don, 501 pp. 
D'ETTORRE, P., HEINZE, J. & RATNIEKS, F.L.W. 2004: Worker po-
licing by egg eating in the ponerine ant Pachycondyla inversa. 
– Proceedings of the Royal Society B-Biological Sciences 271: 
1427-1434. 
FERNÁNDEZ-MARÍN, H., ZIMMERMAN, J.K., REHNER, S.A. & 
WCISLO, W.T. 2006: Active use of the metapleural glands by 
ants in controlling fungal infection. – Proceedings of the Royal 
Society B-Biological Sciences 273: 1689-1695. 
FIELD, J. & CANT, M. 2009: Social stability and helping in small 
animal societies. – Philosophical Transactions of the Royal So-
ciety B-Biological Sciences 364: 3181. 
FIELD, J., SHREEVES, G., SUMNER, S. & CASIRAGHI, M. 2000: In-
surance-based advantage to helpers in a tropical hover wasp. 
– Nature 404: 869-871. 
FISHWILD, T.G. & GAMBOA, G.J. 1992: Colony defence against 
conspecifics: caste-specific differences in kin recognition by 
paper wasps, Polistes fuscatus. – Animal Behaviour 43: 95-102. 
FRANKS, N.R. & SCOVELL, E. 1983: Dominance and reproductive 
success among slave-making worker ants. – Nature 304: 724-725. 
HINES, H.M., HUNT, J.H., O'CONNOR, T.K., GILLESPIE, J.J. & 
CAMERON, S.A. 2007: Multigene phylogeny reveals eusocia-
lity evolved twice in vespid wasps. – Proceedings of the Na-
tional Academy of Sciences of the United States of America 
104: 3295-3299. 
HUGHES, W.O.H., EILENBERG, J. & BOOMSMA, J.J. 2002: Trade-
offs in group living: transmission and disease resistance in leaf-
cutting ants. – Proceedings of the Royal Society B-Biological 
Sciences 269: 1811-1819. 
HURD, C.R., JEANNE, R.L. & NORDHEIM, E.V. 2007: Temporal po-
lyethism and worker specialization in the wasp, Vespula ger-
manica. – Journal of Insect Science 7: 1-13. 
JOHNSON, B.R. 2008: Within-nest temporal polyethism in the hon-
ey bee. – Behavioral Ecology and Sociobiology 62: 777-784. 
KAY, A. & RISSING, S.W. 2005: Division of foraging labor in 
ants can mediate demands for food and safety. – Behavioral 
Ecology and Sociobiology 58: 165-174. 
LACEY, E. & SHERMAN, P. 1991: Social organisation of naked 
mole-rat colonies: evidence for divisions of labor. In: ALEXAN-
DER, R.D. (Ed.): The biology of the naked mole-rat. – Prince-
ton University Press, Princeton, New Jersey, pp. 275-336. 
LAZARO-PEREA, C., ARRUDA, D.E.F. & SNOWDON, C.T. 2004: 
Grooming as a reward? Social function of grooming between 
females in cooperatively breeding marmosets. – Animal Be-
haviour 67: 627-636. 
LIEBIG, J., PEETERS, C. & HÖLLDOBLER, B. 1999: Worker polic-
ing limits the number of reproductives in a ponerine ant. – Pro-
ceedings of the Royal Society London B-Biological Sciences 
266: 1865-1870. 
MAYNARD SMITH, J. & SZATHMARY, E. 1995: The major transi-
tions in evolution. – Oxford University Press, Oxford, 368 pp. 
MONNIN, T., MALOSSE, C. & PEETERS, C. 1998: Solid-phase mi-
croextraction and cuticular hydrocarbon differences related to 
reproductive activity in queenless ant Dinoponera quadriceps. 
– Journal of Chemical Ecology 24: 473-490. 
MONNIN, T. & PEETERS, C. 1997: Cannibalism of subordinates' 
eggs in the monogynous queenless ant Dinoponera quadri-
ceps. – Naturwissenschaften 84: 499-502. 
MONNIN, T. & PEETERS, C. 1998: Monogyny and regulation of 
worker mating in the queenless ant Dinoponera quadriceps. 
– Animal Behaviour 55: 299-306. 
MONNIN, T. & PEETERS, C. 1999: Dominance hierarchy and repro-
ductive conflicts among subordinates in a monogynous queen-
less ant. – Behavioral Ecology 10: 323-332. 
MONNIN, T. & PEETERS, C. 2008: How many gamergates is an ant 
queen worth? – Naturwissenschaften 95: 109-116. 
MONNIN, T. & RATNIEKS, F.L.W. 2001: Policing in queenless po-
nerine ants. – Behavioral Ecology and Sociobiology 50: 97-108. 
MONNIN, T., RATNIEKS, F.L.W. & BRANDAO, C.R.F. 2003: Re-
productive conflict in animal societies: hierarchy length increases 
with colony size in queenless ponerine ants. – Behavioral Ecol-
ogy and Sociobiology 54: 71-79. 
MONNIN, T., RATNIEKS, F.L.W., JONES, G.R. & BEARD, R. 2002: 
Pretender punishment induced by chemical signalling in a queen-
less ant. – Nature 419: 61-65. 
MORON, D., WITEK, M. & WOYCIECHOWSKI, M. 2008: Division 
of labour among workers with different life expectancy in the 
ant Myrmica scabrinodis. – Animal Behaviour 75: 345-350. 
NAUG, D. & GADAGKAR, R. 1998: The role of age in temporal po-
lyethism in a primitively eusocial wasp. – Behavioral Ecology 
and Sociobiology 42: 37-47. 
 129 
O'DONNELL, S. 1998: Dominance and polyethism in the eusocial 
wasp Mischocyttarus mastigophorus (Hymenoptera: Vespidae). 
– Behavioral Ecology and Sociobiology 43: 327-331. 
O'RIAIN, M.J. & JARVIS, J.U.M. 1997: Colony member recogni-
tion and xenophobia in the naked mole-rat. – Animal Behavi-
our 53: 487-498. 
PAGE, R.E. & MITCHELL, S.D. 1998: Self-organization and the evo-
lution of division of labor. – Apidologie 29: 171-190. 
PAIVA, R.V.S. & BRANDAO, C.R.F. 1995: Nests, worker popula-
tion, and reproductive status of workers, in the giant queen-
less ponerine ant Dinoponera ROGER (Hymenoptera Formici-
dae). – Ethology Ecology & Evolution 7: 297-312. 
PARDI, L. 1948: Dominance order in Polistes wasps. – Physiologi-
cal Zoology 21: 1-13. 
PEETERS, C. 1991: The occurrence of sexual reproduction among 
ant workers. – Biological Journal of the Linnean Society 44: 
141-152. 
PEETERS, C. & CREWE, R. 1984: Insemination controls the re-
productive division of labor in a ponerine ant. – Naturwissen-
schaften 71: 50-51. 
PEETERS, C., MONNIN, T. & MALOSSE, C. 1999: Cuticular hydro-
carbons correlated with reproductive status in a queenless ant. 
– Proceedings of the Royal Society B-Biological Sciences 266: 
1323-1327. 
RATNIEKS, F.L.W. 1988: Reproductive harmony via mutual po-
licing by workers in eusocial Hymenoptera. – The American 
Naturalist: 217-236. 
RATNIEKS, F.L.W. & VISSCHER, P.K. 1989: Worker policing in 
the honeybee. – Nature 342: 796-797. 
REN, R., YAN, K., SU, Y., QI, H., LIANG, B. & WAAL, F. 1991: The 
reconciliation behavior of golden monkeys (Rhinopithecus ro-
xellanae roxellanae) in small breeding groups. – Primates 32: 
321-327. 
ROBINSON, G.E. 1992: Regulation of division of labour in insect 
societies. – Annual Review of Entomology 37: 637-665. 
SCHMID-HEMPEL, P. & SCHMID-HEMPEL, R. 1984: Life duration 
and turnover of foragers in the ant Cataglyphis bicolor (Hy-
menoptera, Formicidae). – Insectes Sociaux 31: 345-360. 
SCHMID-HEMPEL, P. & WOLF, T. 1988: Foraging effort and life 
span of workers in a social insect. – The Journal of Animal 
Ecology 57: 509-521. 
SEID, M.A. & TRANIELLO, J.F.A. 2006: Age-related repertoire 
expansion and division of labor in Pheidole dentata (Hymeno-
ptera: Formicidae): a new perspective on temporal polyethism 
and behavioral plasticity in ants. – Behavioral Ecology and 
Sociobiology 60: 631-644. 
SHREEVES, G. & FIELD, J. 2002: Group size and direct fitness in 
social queues. – The American Naturalist 159: 81-95. 
TANNURE-NASCIMENTO, I.C., NASCIMENTO, F.S., DANTAS, J.O. 
& ZUCCHI, R. 2009: Decision rules for egg recognition are re-
lated to functional roles and chemical cues in the queenless ant 
Dinoponera quadriceps. – Naturwissenschaften 96: 857-861. 
TOFTS, C. 1991: Task allocation in monomorphic ant species. – 
University of Edinburgh, Edinburgh, 27 pp. 
TSUJI, K., NAKATA, K. & HEINZE, J. 1996: Lifespan and repro-
duction in a queenless ant. – Naturwissenschaften 83: 577-578. 
VERVAECKE, H., DE VRIES, H. & ELSACKER, V. 2000: The pivotal 
role of rank in grooming and support behavior in a captive group 
of bonobos (Pan paniscus). – Behaviour 137: 1463-1485. 
VISSCHER, P.K. & DUKAS, R. 1997: Survivorship of foraging hon-
ey bees. – Insectes Sociaux 44: 1-5. 
WALTER, B. 2012: Reduction of potential fecundity leads to pre-
mature foraging in ants – an ancestral trait in the evolution of 
eusociality? – Proceedings of the 5th Congress of the European 
Sections of the International Union for the Study of Social In-
sects, Montecatini Terme, 26 - 30 August 2012, p. 11.  
WILSON, E.O. 1974: The insect societies. – Harvard University 
Press, Cambridge, MA, 560 pp. 
WILSON, E.O. 1985: The sociogenesis of insect colonies. – Science 
228: 1489-1495. 
WILSON, E.O. 2000: Sociobiology: the new synthesis. 25th An-
niversary Edition– Harvard University Press, Cambridge, MA, 
697 pp. 
WINSTON, M.L. 1987: The biology of the honey bee. – Harvard 
University Press, Cambridge, MA, 294 pp. 
 
